th and 17 th centuries were a period of unprecedented economic prosperity. Since the Dutch economy was and is very small, an important source of growth was bound to be international trade. In this paper we argue that the contributions of entrepreneurship to innovation transcend the standard categories of creation of new products and processes. Entrepreneurship also finds new markets for its products and creates new modes of trade. The Dutch were the globalization pioneers avant la lettre.
Introduction
The Dutch Republic embarked on its modern economic growth in the 16 th century, preceded in Europe only by the North Italian cities. The period that has been dubbed "The Dutch Golden Age" is, basically, the 17 th century. The early Golden Age spans the period 1590-1648 (the Year of Independence from Spain), a period of unprecedented innovation and prosperity, according to Israel (1998) , who also notes that the early Golden Age was followed by a marked slackening, and after 1672 (the Year of Disaster, with the French-English invasion) stagnation, which persisted until the middle of the eighteenth century. Israel dates the end of the Golden Age at 1702 (the death of William III, Stadholder of the Republic and King of England), although England had already taken over world leadership.
In this paper we trace the performance of the Dutch economy from well before the Golden Age (1540) to well after (1807), which facilitates a better understanding of this fascinating era, both in terms of its timing and the causes of the rise and decline. We are enabled by the survival of an impressively rich body of data, to employ the standard economic performance measure,Total Factor Productivity (TFP), and consider its traditional driver, technology, or, more precisely product and process innovation.
However, because the Dutch economy was (and still is) extremely open, we must factor in the role of trade in innovation and TFP, and will find that the entrepreneurs played an important role in the process.
Recently ten Raa and Mohnen (2002) (Crafts, 1995) , but these cover only the post-1700 period. As far as we know, our paper is the first econometric analysis of an older economy.
The rise and decline of Holland's economy
Between 1540 and 1807, Holland's economy expanded and contracted quite spectacularly. Figure 1 shows the paths of both output and population growth. Holland's capital market was also flexible. Success attracted foreign investment, and failure induced capitalists to invest abroad. Since TFP is essentially output per unit of factor input, an aggregate of labor, physical, and human capital, as well as land, its development was more tempered, and it has been argued that Holland's economy continued to perform well after the Golden Age (van Leeuwen and van Zanden, 2009).
However, as shown in Figure 2 , TFP followed a hump-shaped pattern. (The construction will be explained in the next section.)
Figure 2: TFP from 1540 (normalized to 100) to 1807
Figures 1 and particularly 2 confirm Israel's (1998) 
distinction between the early Golden
Age and the later Golden Age. In the early Golden Age, the economy was poised for growth, all signals were green: GDP, population, and TFP. In the later Golden Age, TFP recovered from the early 1650s crash, but only because Holland's population was much reduced.
Total Factor Productivity
We proceed on the assumption that Labor, Product and process innovations are considered to be standard drivers of TFP, and are usually measured by number of patents. The patents granted in the Netherlands (The General State and the various provinces) are reported in Doorman (1940) , and we use these data for our analysis here. However, because we measure the level of TFP rather than its growth rate, we must construct a patent stock, P. In order to do this, we start from an initial value of 0 (which seems reasonable because our time series begin as early as 1540, while the first patent granted was only in 1559) and use a 25 percent depreciation rate, following Pakes and Schankerman (1984) .
Trade
Because the Dutch economy was driven by trade, which, in turn, affects productivity, we must include trade in our performance analysis. The rise of the Republic's economy evidently was driven by entrepreneurship in overseas trading. The Dutch explored new routes which entailed different merchandise, beginning with the Baltic and following later with Spain and Portugal. When barred by political or logistical difficulties, the Dutch were creative in adoption of new modes of trade, such as the 'long haul' route to were declining compared with the prices of branches of industry that grew more slowly. Output and the four inputs have been normalized to 100 in 1540.
the Indies (primarily the East), which by-passed Spain. As such, the Dutch were the globalization pioneers avant la lettre. The same considerations apply to the later decline of the Dutch economy. Israel (1998) In the next section we will substantiate these observations by an econometric analysis of TFP in terms of the traditional, technological variable, innovations, as well as the trade variables, openness and entrepreneurship.
Performance analysis
The analysis leads us to regress TFP measure, T, on patent stock, P, openness, O, and entrepreneurship, E. Here, we use a log-linear specification so that the coefficients are elasticities. 3 As shown in Table 1 , all three variables are positive and highly significant. for measuring the inventory of knowledge, when the purpose is to estimate an elasticity or rate of return. In the literature, the elasticity of output with respect to innovation is generally measured from the input side using an R&D stock, and this is reported to be approximately 0.08 (Hall, Mairesse and Mohnen, 2010) . Our estimate of elasticity of TFP to the patent stock of 0.03 is smaller but not far off. We also can convert the elasticity to a rate of return by multiplying it by the ratio of the average output to the average patent Our new variable, entrepreneurship, is found to have strong impact; its elasticity is 0.14.
Regressor
This means that an increase in entrepreneurial activity of 1% raises growth by oneseventh of a percentage point. If this is indeed so, it follows (quite plausibly) that the entrepreneur was indeed a major contributor to economic growth in the Dutch Republic.
Lessons
The rise and decline of the Dutch Republic can be explained by a combination of the traditional TFP driver, innovations, and two facets of trade: openness and entrepreneurship. Economic decline may put pressure on research and development outlays and often intensifies calls for protection, but it seems clear that yielding to these pressures aggravates the problems. Instead, the better solution involves creation of an economic climate that encourages entrepreneurship in the wide sense of not only facilitating new products and processes but also new lines of trade.
In closing, it must be emphasized once again that these results follow from a noteworthy set of data that constitute one of the earliest records extant of the workings of an economy in the vanguard of European industrial revolutions. It is all the more remarkable that these data describe a tiny economy recently ravaged by decades of war, which rose to dominate the world economy for the better part of a century or more. The evidence that innovative entrepreneurship played a substantial part in this extraordinary achievement indeed offers further substantial evidence of the importance of this activity to the general welfare.
